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1
ADSORPTIVE PERMEATION HOLLOW
FIBER MEMBRANE, METHOD OF
MANUFACTURING THE SAME, AND GAS
ADSORPTIVE/DESORPTIVE SEPARATION
SYSTEM UTILIZING THE SAME

REFERENCE TO RELATED APPLICATIONS

This is a continuation of pending International Patent
Application PCT/KR2014/002065 filed on Mar. 12, 2014,
which designates the United States and claims priority of
Korean Patent Application No. 10-2013-0095640 filed on
Aug. 12, 2013, the entire contents of which are incorporated
herein by reference.

FIELD OF THE INVENTION

The present invention relates to an adsorptive permeation
hollow fiber membrane, in more detail, it relates to an
adsorptive permeation hollow fiber membrane capable of
effectively separating carbon dioxide and an acid gas con-
tained in exhaust gases discharged from power plants,
factories, chemical processes and the like or a general gas
mixture and the like, a method of manufacturing the same,
and a gas adsorptive/desorptive separation system utilizing
the same.

BACKGROUND OF THE INVENTION

As the separation and recovery method of carbon dioxide,
an absorption method, an adsorption method, a membrane
separation method and the like are known.

Each of these methods has characteristics, advantages and
disadvantages and thus is selected in accordance with the
conditions in actual use. The absorption method is a method
to separate carbon dioxide by dissolving an absorbent such
as an amine alkali metal salt in water and is currently applied
to thermal power plants, steel mills and the like in many
cases. However, the absorption method has a number of
problems such as excessive energy consumption for regen-
eration of the absorbing liquid, the overtlow and channeling
phenomenon of absorbing liquid in the absorption tower, a
small gas-liquid contact area, and corrosion of the absorbing
liquid. The adsorption method is a method to adsorb the gas
to be separated while allowing the mixed gas to pass through
the bed filled with an adsorbent such as zeolite and has been
applied to some gas treatment processes along with the study
on various adsorbents, but the adsorption method has dis-
advantages that the use of a powdery adsorbent is limited
due to the scattering problem and thus a granular adsorbent
is used to have a decrease in contact efficiency, the flow
velocity of the mixed gas in the bed is fast in the center and
slow on the periphery and thus the adsorption mainly
proceeds in the center to have a limited adsorption amount
as compared to the amount of the adsorbent used, and it
takes a long time to regenerate the adsorbent. The membrane
separation method is a separation method that utilizes a
hollow fiber membrane capable of selectively permeating a
portion of the mixed gas and has disadvantages that it takes
an excessively long time and excessive energy is consumed
to separate the gas since the membrane permeation speed of
the gas is slow and a high pressure is required to be applied.

SUMMARY OF THE INVENTION

The present invention has been made to solve the prob-
lems of the conventional gas separation described above,
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and the first object to be achieved by the present invention
is to allow the contact between the adsorbent and the gas to
be adsorbed to take place uniformly and quickly in all
directions and thus to provide an adsorptive permeation
hollow fiber membrane capable of maximizing the contact
efficiency between the adsorbent and the gas to be adsorbed.

The second object to be achieved by the present invention
is to provide an adsorptive permeation hollow fiber mem-
brane capable of efficiently adsorbing the gas without scat-
tering of the adsorbent and a use time-dependent increase in
packing density of the adsorbent by not using the granular
adsorbent that is used in the bed adsorption method of a
conventional adsorption method but dispersing a powdery
crystalline adsorbent inside the hollow fiber membrane.

The third object to be achieved by the present invention
is to provide an adsorptive permeation hollow fiber mem-
brane capable of significantly decreasing the regeneration
time of the saturated adsorbent than the bed adsorption
method of a conventional adsorption method.

The fourth object to be achieved by the present invention
is to provide an adsorptive permeation hollow fiber mem-
brane capable of significantly decreasing the energy con-
sumption in the adsorption process and the regeneration
process than the bed adsorption method of a conventional
adsorption method.

The fifth object to be achieved by the present invention is
to provide an adsorptive permeation hollow fiber membrane
capable of easily diversifying the size of the gas adsorptive/
desorptive separation system from those for small separation
to those for bulk separation.

To solve the above-mentioned problem, according to an
aspect of the present invention, there is provided an adsorp-
tive permeation hollow fiber membrane formed by uni-
formly dispersing an adsorbent capable of selectively
adsorbing only a specific gas in mixed gas components
inside a sponge-structured porous hollow fiber membrane
capable of non-selectively permeating a mixed gas in a
powder or crystalline powder form.

Preferably, the adsorbent is one or two or more fillers
selected from zeolites, activated carbon or silica.

Preferably, the adsorbent is a powder having a size of
from 1 pm to 5 pm.

Preferably, a material of the porous hollow fiber mem-
brane is one or two or more polymers selected from poly-
propylene, polyimides, polyphenylene sulfide, polysulfones,
polyvinylidene fluoride (PVDF), celluloses, or polyvinyl
chloride (PVC).

According to another aspect of the present invention,
there is provided a method of manufacturing an adsorptive
permeation hollow fiber membrane comprising: a step of
mixing a polymer, a diluent or a solvent, and an adsorbent
to produce an adsorbent-dispersed dope solution; a step of
spinning the adsorbent-dispersed dope solution to form a
hollow fiber; and a step of conducting phase separation and
solidification of the hollow fiber so as to form a porous
hollow fiber membrane which permeates the entire mixed
gas intended to be separated.

Preferably, the adsorbent is contained in the dope solution
at a proportion of from 15% by weight to 60% by weight.

According to further aspect of the present invention, there
is provided a gas adsorptive/desorptive separation system
comprising: a first hollow fiber membrane module including
a great number of the adsorptive permeation hollow fiber
membranes inside a housing as an assembly and the housing
provided with a hollow fiber internal communication port
through which gas is injected into the inside of the adsorp-
tive permeation hollow fiber membrane and a hollow fiber
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external communication port through which gas permeated
through the adsorptive permeation hollow fiber membrane is
discharged; a second hollow fiber membrane module includ-
ing a great number of the adsorptive permeation hollow fiber
membranes inside a housing as an assembly and the housing
provided with a hollow fiber internal communication port
through which gas is injected into the inside of the adsorp-
tive permeation hollow fiber membrane and a hollow fiber
external communication port through which gas permeated
through the adsorptive permeation hollow fiber membrane is
discharged; a vacuum pump; and a gas flow path switching
means to connect the hollow fiber internal communication
port of the first hollow fiber membrane module to a mixed
gas supply device and the hollow fiber external communi-
cation port of the first hollow fiber membrane module to the
outside and thus to connect the hollow fiber internal com-
munication port and the hollow fiber external communica-
tion port of the second hollow fiber membrane module to the
vacuum pump when an adsorption process proceeds in the
first hollow fiber membrane module so that an adsorbent
regeneration process proceeds in the second hollow fiber
membrane module, and to connect the hollow fiber internal
communication port and the hollow fiber external commu-
nication port of the first hollow fiber membrane module to
the vacuum pump and thus to connect the hollow fiber
internal communication port of the second hollow fiber
membrane module to the mixed gas supply device and the
hollow fiber external communication port of the second
hollow fiber membrane module to the outside when an
adsorbent regeneration process proceeds in the first hollow
fiber membrane module so that an adsorption process pro-
ceeds in the second hollow fiber membrane module.
According to further another aspect of the present inven-
tion, there is provided a gas adsorptive/desorptive separation
system comprising: a first hollow fiber membrane module
including a great number of the adsorptive permeation
hollow fiber membranes inside a housing as an assembly and
the housing provided with a hollow fiber external commu-
nication port through which gas is injected into the outside
of the adsorptive permeation hollow fiber membrane and a
hollow fiber internal communication port through which gas
permeated through the adsorptive permeation hollow fiber
membrane is discharged; a second hollow fiber membrane
module including a great number of the adsorptive perme-
ation hollow fiber membranes inside a housing as an assem-
bly and the housing provided with a hollow fiber external
communication port through which gas is injected into the
outside of the adsorptive permeation hollow fiber membrane
and a hollow fiber internal communication port through
which gas permeated through the adsorptive permeation
hollow fiber membrane is discharged; a vacuum pump; and
a gas flow path switching means to connect the hollow fiber
external communication port of the first hollow fiber mem-
brane module to a mixed gas supply device and the hollow
fiber internal communication port of the first hollow fiber
membrane module to the outside and thus to connect the
hollow fiber internal communication port and the hollow
fiber external communication port of the second hollow fiber
membrane module to the vacuum pump when an adsorption
process proceeds in the first hollow fiber membrane module
so that an adsorbent regeneration process proceeds in the
second hollow fiber membrane module, and to connect the
hollow fiber internal communication port and the hollow
fiber external communication port of the first hollow fiber
membrane module to the vacuum pump and thus to connect
the hollow fiber external communication port of the second
hollow fiber membrane module to the mixed gas supply

5

10

15

20

25

30

35

40

45

55

60

65

4

device and the hollow fiber internal communication port of
the second hollow fiber membrane module to the outside
when an adsorbent regeneration process proceeds in the first
hollow fiber membrane module so that an adsorption process
proceeds in the second hollow fiber membrane module.
According to the present invention having the configura-
tion described above, the contact between the adsorbent and
the gas to be adsorbed takes place uniformly and quickly in
all directions and thus the contact efficiency between the
adsorbent and the gas to be adsorbed is excellent, and it is
also possible to uniformly apply the vacuum in all directions
at the time of desorbing the adsorbed gas for regeneration of
the adsorbent and thus quick regeneration can be achieved.
In addition, the adsorbent can be dispersed in a powder form
and thus it is possible to further increase the adsorption area
as compared to the bed adsorption method of a conventional
adsorption method using a granular adsorbent although the
amounts of adsorbents are the same. Consequently, it is
possible to adsorb the same amount or a greater amount of
gas while significantly decreasing the amount of the adsor-
bent used. In addition, unlike the bed adsorption method of
a conventional adsorption method, the adsorption between
the adsorbent and the gas to be adsorbed and the desorption
between the adsorbent and the adsorbed gas possibly pro-
ceed at a low pressure in the adsorption process and the
regeneration process, and thus it is possible to significantly
decrease the energy consumption. In addition, it is possible
to easily change the adsorption/desorption capacity by
increasing the number of hollow fiber membrane modules or
the number of hollow fiber membranes in the module, and
thus there is an advantage that the size of the gas adsorptive/
desorptive separation system can be easily diversified from
those for small separation to those for bulk separation.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present invention will be more apparent from the fol-
lowing detailed description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is an enlarged perspective view of a porous hollow
fiber membrane illustrated after removing the adsorbent
from the adsorptive permeation hollow fiber membrane
according to the present invention.

FIG. 2 is an enlarged perspective view of an adsorptive
permeation hollow fiber membrane illustrated to conceptu-
ally show the adsorbent dispersed in the adsorptive perme-
ation hollow fiber membrane according to the present inven-
tion.

FIG. 3 is a manufacturing process diagram of the adsorp-
tive permeation hollow fiber membrane according to the
present invention.

FIG. 4 is a transverse sectional view of the adsorptive
permeation hollow fiber membrane illustrated in FIG. 3 after
being enlarged and cut.

FIGS. 5 to 7 are adsorption process diagrams illustrating
the adsorption process of a specific gas in the case of
introducing a mixed gas into the inside of the adsorptive
permeation hollow fiber membrane according to the present
invention.

FIGS. 8 to 10 are adsorption process diagrams illustrating
the adsorption process of a specific gas in the case of
introducing a mixed gas into the outside of the adsorptive
permeation hollow fiber membrane according to the present
invention.
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FIG. 11 is an adsorbent regeneration process diagram
illustrating a specific gas desorption process of the adsorp-
tive permeation hollow fiber membrane according to the
present invention.

FIG. 12 is a longitudinal sectional view of the hollow fiber
membrane module for hollow fiber membrane internal intro-
duction utilizing the adsorptive permeation hollow fiber
membrane according to the present invention.

FIG. 13 is a longitudinal sectional view of the hollow fiber
membrane module for hollow fiber membrane external
introduction utilizing the adsorptive permeation hollow fiber
membrane according to the present invention.

FIG. 14 is a block diagram of a gas adsorptive/desorptive
separation system configured by linking two hollow fiber
membrane modules for hollow fiber membrane internal
introduction illustrated in FIG. 12 so as to enable vacuum
swing adsorption.

FIGS. 15 and 16 are block diagrams of gas adsorptive/
desorptive separation systems utilizing one hollow fiber
membrane module for hollow fiber membrane internal intro-
duction illustrated in FIG. 12.

FIG. 17 is a scanning electron microscope (SEM) image
for the cross section of the adsorptive permeation hollow
fiber membrane according to Example of the present inven-
tion.

FIG. 18 is a scanning electron microscope (SEM) image
for the outer surface of the adsorptive permeation hollow
fiber membrane according to Example of the present inven-
tion.

FIG. 19 is a scanning electron microscope (SEM) image
for the inner surface of the adsorptive permeation hollow
fiber membrane according to Example of the present inven-
tion.

FIGS. 20 and 21 are graphs illustrating the proportion of
the adsorbed gas contained in the permeated substance to the
permeation time in the case of changing the amount of
adsorbent.

FIG. 22 is a graph illustrating the proportion of the
adsorbed gas contained in the permeated substance to the
permeation time depending on a change in flow rate in the
case of having the same amount of adsorbent.

DETAILED DESCRIPTION OF THE
INVENTION

Hereinafter, the adsorptive permeation hollow fiber mem-
brane, the method of manufacturing the same, and the gas
adsorptive/desorptive separation system utilizing the same
according to the present invention will be explained in detail
with reference to the accompanying drawings.

In the accompanying drawings and the following descrip-
tion, a case in which carbon dioxide is adsorbed to the
adsorptive permeation hollow fiber membrane and separated
from a mixed gas of carbon dioxide and nitrogen (CO,+N,)
is explained by way of example, but the mixed gas that is
separable by the adsorptive permeation hollow fiber mem-
brane according to the present invention is not limited and
only the adsorbent is changed depending on the kind of the
gas to be adsorbed.

As illustrated in FIG. 1, the adsorptive permeation hollow
fiber membrane according to the present invention utilizes a
sponge-structured highly porous hollow fiber membrane.
The porous hollow fiber membrane of the present invention
exhibits permeability with respect to all the components
(constituent gases) of the mixed gas to be introduced. In
other words, according to the present invention, a porous
hollow fiber membrane structure which has great pores and
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a great porosity so as to be able to non-selectively permeate
a mixed gas is formed and thus the pressure drop when the
mixed gas passes through the hollow fiber membrane is
minimized. This point distinguishes the hollow fiber mem-
brane of the present invention from the existing hollow fiber
membrane for gas separation.

As illustrated in FIG. 2, the present invention is charac-
terized in that an adsorbent 5 capable of selectively adsorb-
ing only a specific gas (referred to as the gas to be adsorbed
in the present invention) in the mixed gas components is
uniformly dispersed inside the sponge-structured porous
hollow fiber membrane capable of non-selectively perme-
ating the mixed gas in a powder or crystalline powder form.
In FIG. 2, the adsorptive permeation hollow fiber membrane
according to the present invention is illustrated as an
enlarged view and the adsorbent 5 is regularly illustrated as
a granule for convenience of explanation, but, as illustrated
in FIGS. 17 and 18, the crystalline adsorbent 5 dispersed
inside the hollow fiber membrane of the present invention is
a powder having a size in a range of from 1 pm to 5 um and
uniformly dispersed. It means that the adsorbent 5 is pow-
dered to have a crystal unit and dispersed in consideration
that a general crystal size of the crystalline adsorbent 5 is
from 1 um to 5 um. In the present invention, it is referred to
as a crystalline powder. The contact area of the adsorbent
with a specific gas is theoretically and practically the great-
est when the crystalline adsorbent 5 is dispersed in a crystal
unit. It is also possible to use a powdery adsorbent formed
by integrally combining two or more crystals so as to have
a size of from 5 um to 100 pum if necessary. According to the
present invention, it is possible to further increase the
adsorption area as compared to the bed adsorption method of
a conventional adsorption method using a granular adsor-
bent although the amount of adsorbent is the same. Hence,
it is possible to adsorb the same amount or a greater amount
of gas while significantly decreasing the amount of the
adsorbent used.

In a case in which the gas to be adsorbed is carbon
dioxide, the adsorbent can be selected from zeolites, acti-
vated carbon, or silica, but it is not necessarily limited
thereto.

The material of the porous hollow fiber membrane can be
selected from one or two or more polymers selected from
polypropylene, polyimides, polyphenylene sulfide, polysul-
fones, polyvinylidene fluoride (PVDF), celluloses, or poly-
vinyl chloride (PVC), but it is not necessarily limited
thereto.

Hereinafter, the action of the present invention having the
configuration as described above will be explained.

FIG. 4 illustrates a cross sectional view of the adsorptive
permeation hollow fiber membrane according to the present
invention in which pores having a uniform average density
and a uniform average size are formed in the thickness
direction or spinning direction of the adsorptive permeation
hollow fiber membrane 3 and an adsorbent 5 having a
uniform average density and a uniform average size is
dispersed. As illustrated in FIG. 4, the powdery adsorbent 5
is held by the material of the hollow fiber membrane while
being dispersed, and thus it is not concerned that the
adsorbent 5 is concentrated or scattered.

FIGS. 5 to 7 illustrate the adsorption process when a
mixed gas (CO,+N,) is introduced into the inside of the
adsorptive permeation hollow fiber membrane 3 illustrated
in FIG. 4, and FIGS. 8 to 10 illustrate the adsorption process
when a mixed gas (CO,+N,) is introduced into the outside
of the adsorptive permeation hollow fiber membrane 3
illustrated in FIG. 4.
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As illustrated in FIGS. 5 and 6, in the case of introducing
a mixed gas (CO,+N,) into the inside of the adsorptive
permeation hollow fiber membrane 3 according to the pres-
ent invention at a constant pressure (P kgf/cm?), the gas to
be adsorbed (CO,) is adsorbed to the adsorbent 5 and the gas
not to be adsorbed (N,) passes through the membrane to be
discharged to the outside of the hollow fiber membrane since
the adsorbent 5 is dispersed inside the porous hollow fiber
membrane capable of permeating all the gases (CO, and N,)
constituting the mixed gas (CO,+N,) in a powder or crys-
talline powder form. In this procedure, the contact between
the adsorbent 5 and the gas to be adsorbed (CO,) uniformly
and quickly proceeds in all directions, and thus the contact
efficiency between the adsorbent 5 and the gas to be
adsorbed is significantly excellent and most of the adsorbent
5 dispersed is effectively utilized in adsorption. As illus-
trated in FIG. 7, the gas to be adsorbed (CO,) and the gas not
to be adsorbed (N,) both permeate the membrane when the
adsorption of the gas to be adsorbed (CO,) by the adsorbent
5 is in a saturated state.

As illustrated in FIGS. 8 and 9, in the case of introducing
a mixed gas (CO,+N,) into the outside of the adsorptive
permeation hollow fiber membrane 3 according to the pres-
ent invention at a constant pressure (P kgf/cm?) as well, the
gas to be adsorbed (CO,) is adsorbed to the adsorbent 5 and
the gas not to be adsorbed (N,) passes through the mem-
brane to be discharged to the inside of the hollow fiber
membrane since the adsorbent 5 is dispersed inside the
porous hollow fiber membrane capable of permeating all the
gases (CO, and N,) constituting the mixed gas (CO,+N,) in
a powder or crystalline powder form. In this procedure, the
contact between the adsorbent 5 and the gas to be adsorbed
(CO,) uniformly and quickly proceeds in all directions, and
thus the contact efficiency between the adsorbent 5 and the
gas to be adsorbed is significantly excellent and most of the
adsorbent 5 dispersed is effectively utilized in adsorption. As
illustrated in FIG. 10, the gas to be adsorbed (CO,) and the
gas not to be adsorbed (N,) both permeate the membrane
when the adsorption of the gas to be adsorbed (CO,) by the
adsorbent 5 is in a saturated state.

FIG. 11 illustrates a process to regenerate the adsorbent 5
by desorbing the adsorbed gas (CO,) from the adsorbent 5.
As illustrated in FIG. 7 or FIG. 10, the vacuum is simulta-
neously applied to the inside and outside of the hollow fiber
membrane 3 in order to desorb the adsorbed gas (CO,) from
the adsorbent 5 when the adsorption of the gas to be
adsorbed (CO,) by the adsorbent 5 is in a saturated state.
Such an adsorbent 5 regeneration process may be carried out
before the adsorption by the adsorbent 5 reaches the satu-
rated state. The adsorptive permeation hollow fiber mem-
brane 3 according to the present invention exhibits perme-
ability with respect to not only the gas not to be adsorbed
(N,) but also the gas to be adsorbed (CO,), and thus the
adsorbed gas passes through the membrane to be quickly
discharged to the inside and outside of the membrane after
being separated from the adsorbent in a case in which the
vacuum is applied to the inside and outside of the hollow
fiber membrane. The vacuum can be uniformly simultane-
ously applied to the inside and outside of the hollow fiber
membrane in all directions at the time of desorbing the
adsorbed gas for regeneration of the adsorbent 5 as well, and
thus quick regeneration can be achieved.

Such adsorption process and regeneration process can be
carried out with significantly low energy consumption. This
is because the present invention utilizes a porous hollow
fiber membrane that is nonselective with respect to the
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mixed gas to be introduced so as to enable permeation of the
mixed gas and removal of the adsorbed gas even at a low
pressure.

As illustrated in FIG. 3, the adsorptive permeation hollow
fiber membrane 3 according to the present invention having
the advantages described above can be manufactured by a
method including a step 100 of mixing the polymer, a diluent
or a solvent, and the adsorbent to produce a dope solution in
which the adsorbent is uniformly dispersed, a step 200 of
spinning the adsorbent-dispersed dope solution to form a
hollow fiber, and a step 300 of conducting phase separation
and solidification of the hollow fiber so as to form a porous
hollow fiber membrane which permeates the entire mixed
gas intended to be separated.

More specifically, the adsorptive permeation hollow fiber
membrane according to the present invention can be manu-
factured by thermally induced phase separation (TIPS) and
non-solvent induced phase separation (NIPS) which are
known in the art. In the case of using thermally induced
phase separation, the adsorptive permeation hollow fiber
membrane can be manufactured by a process including a
step of mixing the polymer, a diluent, and the adsorbent to
produce an adsorbent-dispersed dope solution, a step of
spinning the adsorbent-dispersed dope solution to form a
hollow fiber, and a step of cooling the hollow fiber at a
cooling speed at which a porous hollow fiber membrane can
be formed. In the case of using non-solvent induced phase
separation, the adsorptive permeation hollow fiber mem-
brane can be manufactured by a process including a step of
mixing the polymer, a solvent, and the adsorbent to produce
an adsorbent-dispersed dope solution, a step of spinning the
adsorbent-dispersed dope solution to form a hollow fiber,
and a step of conducting phase separation and solidification
of the hollow fiber by the exchange action between the
solvent and the non-solvent so as to form a porous hollow
fiber membrane. In these processes, the composition ratio of
the components constituting the dope solution and the
porosity of the hollow fiber membrane can be appropriately
selected by the practitioner in consideration of the kind,
phase and the like of the mixed gas, and thus the ranges
thereof are not required to be particularly limited.

The adsorbent is preferably contained in the dope solution
at a proportion of from 15% by weight to 60% by weight.
The adsorption efficiency decreases when the amount of the
adsorbent is less than 15% by weight, and the tissue of the
hollow fiber membrane is too weak when the amount of the
adsorbent is more than 60% by weight. The rest of the dope
solution is the polymer and a diluent or a solvent, and the
mixing ratio thereof is set in conformity with the ratio
required in thermally induced phase separation (TIPS) and
non-solvent induced phase separation (NIPS) which are
known in the art.

As illustrated in FIGS. 12 and 13, a hollow fiber mem-
brane module 17 can be manufactured by assembling a great
number of the adsorptive permeation hollow fiber mem-
branes 3 according to the present invention, potting both
ends of the assembly with a potting resin 15, and then
inserting the assembly inside a housing composed of a
housing body 7 and housing caps 9a and 95. At this time, the
housing cap 9« at one end of the housing body 7 is provided
with a hollow fiber internal communication port 11, the
housing body 7 is provided with a hollow fiber external
communication port 13, and the housing cap 95 at the other
end of the housing body 7 is closed. As illustrated in FIG. 12,
in the case of introducing the mixed gas into the hollow fiber
internal communication port 11, the mixed gas enters the
inside of the adsorptive permeation hollow fiber membrane
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3 and the gas that has permeated through the adsorptive
permeation hollow fiber membrane 3 passes through the
inside of the housing to be discharged to the outside of the
module through the hollow fiber external communication
port 13. As illustrated in FIG. 13, in the case of introducing
the mixed gas into the hollow fiber external communication
port 13, the mixed gas enters the outside of the adsorptive
permeation hollow fiber membrane 3 and the gas that has
permeated through the adsorptive permeation hollow fiber
membrane 3 passes through the inside of the housing to be
discharged to the outside of the module through the hollow
fiber internal communication port 11.

As described above, the hollow fiber membrane module
17 which includes a great number of the adsorptive perme-
ation hollow fiber membranes 3 according to the present
invention inside the housing as an assembly and the housing
provided with the hollow fiber internal communication port
11 through which the mixed gas can enter and exit the inside
of the hollow fiber membrane and the hollow fiber external
communication port 13 through which the mixed gas can
enter and exit the outside of the hollow fiber membrane can
be utilized in gas adsorptive/desorptive separation systems
of various structures.

FIG. 14 is a block diagram of a gas adsorptive/desorptive
separation system configured by linking two hollow fiber
membrane modules described above so as to enable vacuum
swing adsorption, and FIGS. 15 and 16 are block diagrams
of gas adsorptive/desorptive separation systems utilizing
one hollow fiber membrane module described above. All of
the gas adsorptive/desorptive separation systems illustrated
in FIGS. 14 to 16 are a system configured to adopt the
hollow fiber membrane module illustrated in FIG. 12 and
thus to introduce the mixed gas into the inside of the hollow
fiber membrane. However, the systems illustrated in FIGS.
14 to 16 become a system that can introduce the mixed gas
into the outside of the hollow fiber membrane when the
mixed gas supply device is connected to the hollow fiber
external communication port 13 of each of the hollow fiber
membrane modules and the nonadsorbed gas is discharged
through the hollow fiber internal communication port 11 of
each of the hollow fiber membrane modules.

As illustrated in FIG. 14, for vacuum swing adsorption,
the gas adsorptive/desorptive separation systems can be
configured by at least two hollow fiber membrane modules
17a and 17b, a vacuum pump 25, and a gas flow path
switching means. The gas flow path switching means is
equipped with a means that can selectively connect the
hollow fiber internal communication port 11 of the first
hollow fiber membrane module 17a or the hollow fiber
internal communication port 11 of the second hollow fiber
membrane module 175 to the mixed gas supply device or the
vacuum pump 25 and a means that can selectively connect
the hollow fiber external communication port 13 of the first
hollow fiber membrane module 17a or the hollow fiber
external communication port 13 of the second hollow fiber
membrane module 175 to the outside (the outside may be a
separate gas container or the air, the same shall apply
hereinafter) or the vacuum pump 25. Via these means, the
gas flow path switching means connects the hollow fiber
internal communication port 11 of the first hollow fiber
membrane module 17a to the mixed gas supply device and
the hollow fiber external communication port 13 of the first
hollow fiber membrane module 17a to the outside and thus
connects the hollow fiber internal communication port 11
and the hollow fiber external communication port 13 of the
second hollow fiber membrane module 175 to the vacuum
pump 25 when the adsorption process proceeds in the first
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hollow fiber membrane module so that the adsorbent regen-
eration process proceeds in the second hollow fiber mem-
brane module 175, and connects the hollow fiber internal
communication port 11 and the hollow fiber external com-
munication port 13 of the first hollow fiber membrane
module 17a to the vacuum pump 25 and thus connects the
hollow fiber internal communication port 11 of the second
hollow fiber membrane module 175 to the mixed gas supply
device and the hollow fiber external communication port 13
of the second hollow fiber membrane module 175 to the
outside when the adsorbent regeneration process proceeds in
the first hollow fiber membrane module 17a so that the
adsorption process proceeds in the second hollow fiber
membrane module.

In FIG. 14, the gas flow path switching means is config-
ured by four three-way valves (V1, V2, V3, and V4). These
four three-way valves are all a solenoid valve and controlled
by a known controller. These four three-way valves are
opened and closed when the adsorption process proceeds in
first hollow fiber membrane module 17a so that the adsor-
bent regeneration process proceeds in the second hollow
fiber membrane module 175. A first port (a) of the three-way
valve V1 is connected to the mixed gas supply device, a
second port (b) is connected to the hollow fiber internal
communication port 11 of the second hollow fiber mem-
brane module 175, and a third port (c) is connected to the
hollow fiber internal communication port 11 of the first
hollow fiber membrane module 174, and thus the mixed gas
(CO,+N,) is introduced into the second hollow fiber mem-
brane module 175 or the first hollow fiber membrane module
17a when the first port (a) is selectively connected to the
second port (b) or the third port (c). A first port (a) of the
three-way valve V2 is connected to the vacuum pump 25, a
second port (b) is connected to the hollow fiber internal
communication port 11 of the first hollow fiber membrane
module 174, and a third port (c) is connected to the hollow
fiber internal communication port 11 of the second hollow
fiber membrane module 175, and thus the inside of the
hollow fiber membranes of the first hollow fiber membrane
module 174 and the inside of the hollow fiber membranes of
the second hollow fiber membrane module 175 are selec-
tively connected to the vacuum pump 25 when the first port
(a) is selectively connected to the second port (b) or the third
port (c). A first port (a) of the three-way valve V3 is
connected to the outside, a second port (b) is connected to
the hollow fiber external communication port 13 of the first
hollow fiber membrane module 17a, and a third port (c) is
connected to the hollow fiber external communication port
13 of the second hollow fiber membrane module 175, and
thus the nonadsorbed gas (N,) that has permeated through
the adsorptive permeation hollow fiber membrane 3 is
discharged to the outside through the hollow fiber external
communication port 13 of the first hollow fiber membrane
module 17a or the hollow fiber external communication port
13 of the second hollow fiber membrane module 176 when
the first port (a) is selectively connected to the second port
(b) or the third port (c). A first port (a) of the three-way valve
V4 is connected to the vacuum pump 25, a second port (b)
is connected to the hollow fiber external communication port
13 of the second hollow fiber membrane module 175, and a
third port (c) is connected to the hollow fiber external
communication port 13 of the first hollow fiber membrane
module 17a, and thus the adsorbed gas (CO,) that is released
from the adsorbent 5 in the adsorptive permeation hollow
fiber membrane is discharged toward the vacuum pump 25
through the hollow fiber external communication port 13 of
the second hollow fiber membrane module 175 or the hollow
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fiber external communication port 13 of the first hollow fiber
membrane module 17a when the first port (a) is selectively
connected to the second port (b) or the third port (c).

In a state in which the valves are opened and closed as
illustrated in FIG. 14, the three-way valve V1 connects the
hollow fiber internal communication port 11 of the first
hollow fiber membrane module 17a to the mixed gas supply
device and the three-way valve V3 connects the hollow fiber
external communication port 13 of the first hollow fiber
membrane module 17a to the outside, and thus the adsorp-
tion process that the gas to be adsorbed (CO,) is adsorbed to
the adsorbent 5 in the first hollow fiber membrane module
17a and the gas not to be adsorbed (N,) permeates through
the adsorptive permeation hollow fiber membrane 3 to be
discharged to the outside proceeds. The three-way valve V2
connects the hollow fiber internal communication port 11 of
the second hollow fiber membrane module 175 to the
vacuum pump 25 and the three-way valve V4 connects the
hollow fiber external communication port 13 of the second
hollow fiber membrane module 175 to the vacuum pump 25,
and thus the adsorbent regeneration process that the
adsorbed gas (CO,) which has adsorbed to the adsorbent 5
in the second hollow fiber membrane module 175 is released
from the adsorbent 5 to be discharged toward the vacuum
pump 25 proceeds. The adsorbent regeneration process
proceeds in the first hollow fiber membrane module 17a and
the adsorption process proceeds in the second hollow fiber
membrane module 175 when the opening and closing direc-
tions of each of the three-way valves are switched.

The nonadsorbed gas (N,) discharged to the outside from
the gas adsorptive/desorptive separation system illustrated
in FIG. 14 can be stored in a gas container for nonadsorbed
gas discharged to the air.

In the case of injecting the mixed gas into the outside of
the adsorptive permeation hollow fiber membrane as illus-
trated in FIG. 13, unlike FIG. 14, the hollow fiber external
communication port 13 of each of the hollow fiber mem-
brane modules 17a and 175 becomes an inlet of the mixed
gas (CO,+N,) in the adsorption process and an outlet of the
adsorbed gas (CO,) in the adsorbent regeneration process,
and the hollow fiber internal communication port 11 of each
of the hollow fiber membrane modules 17a and 17b
becomes an outlet of the nonadsorbed gas (N,) in the
adsorption process and an outlet of the adsorbed gas (CO,)
in the adsorbent regeneration process. Hence, although it is
not separately illustrated in a drawing, in the gas adsorptive/
desorptive separation system in which the mixed gas is
introduced into the outside of the hollow fiber membrane,
the gas flow path switching means connects the hollow fiber
external communication port 13 of the first hollow fiber
membrane module 17a to the mixed gas supply device and
the hollow fiber internal communication port 11 of the first
hollow fiber membrane module 17a to the outside and thus
connects the hollow fiber internal communication port 11
and the hollow fiber external communication port 13 of the
second hollow fiber membrane module 175 to the vacuum
pump 25 when the adsorption process proceeds in the first
hollow fiber membrane module 17a so that the adsorbent
regeneration process proceeds in the second hollow fiber
membrane module 175, and connects the hollow fiber inter-
nal communication port 11 and the hollow fiber external
communication port 13 of the first hollow fiber membrane
module 17a to the vacuum pump 25 and thus connects the
hollow fiber external communication port 13 of the second
hollow fiber membrane module 175 to the mixed gas supply
device and the hollow fiber internal communication port 11
of the second hollow fiber membrane module 175 to the

10

15

20

25

30

35

40

45

50

55

60

65

12

outside when the adsorbent regeneration process proceeds in
the first hollow fiber membrane module 17a so that the
adsorption process proceeds in the second hollow fiber
membrane module 175.

According to the present invention, it is possible to easily
change the adsorption/desorption capacity by increasing the
number of hollow fiber membrane modules or the number of
adsorptive permeation hollow fiber membranes in each
module, and thus there is also an advantage that the size of
the gas adsorptive/desorptive separation system can be eas-
ily diversified from those for small separation to those for
bulk separation.

EXAMPLES

In Examples, polypropylene was used as the dope solu-
tion, a solution of latent solvent and non-solvents was used
as the diluent, and zeolite 5SA was used as the adsorbent. The
thermally induced phase preparation process (TIPS) was
used as the hollow fiber spinning method in the membrane
manufacturing process. In this spinning method, twin-screw
extrusion was adopted for mixing the dope solution. The
spinning temperature was maintained at 220° C. The cooling
speed was controlled at a speed at which a porous membrane
capable of permeating both carbon dioxide and nitrogen can
be formed. FIG. 17 is a scanning electron microscope (SEM)
image for the cross section of the adsorptive permeation
hollow fiber membrane manufactured by the present
Example. FIG. 18 is a scanning electron microscope (SEM)
image for the outer surface of the adsorptive permeation
hollow fiber membrane manufactured by the present
Example. FIG. 19 is a scanning electron microscope (SEM)
image for the inner surface of the adsorptive permeation
hollow fiber membrane according to Example of the present
invention. From these images, it can be seen that the
adsorptive permeation hollow fiber membrane according to
the present invention has a highly porous sponge structure in
which the pores formed and the adsorbent dispersed are
highly symmetric with respect to the thickness direction or
spinning direction of the membrane and there are a great
number of pores.

In order to test the adsorptive permeation hollow fiber
membrane thus manufactured, as illustrated in FIGS. 15 and
16, a gas adsorption/desorption separation system was con-
figure by one hollow fiber membrane module 17¢, three
three-way valves (V5, V6, and V7), and one vacuum pump
25. A pressure gauge 19 was attached to the housing cap that
was not provided with a hollow fiber internal communica-
tion port in order to measure the pressure applied to the
inside of the adsorptive permeation hollow fiber membrane.
In order to test the adsorption process, as illustrated in FIG.
15, the first port (a) and the second port (b) of the three-way
valve V5 were connected to each other and the mixed gas
(CO,+N,) at 30° C. was introduced into the hollow fiber
internal communication port 11 of the hollow fiber mem-
brane module 17¢ at a pressure of 0.3 atm using a mixed gas
supply device composed of a gas cylinder, a pressure regu-
lator, and a mass flow controller. In addition, the first port (a)
and the third port (c) of the three-way valve V6 were
connected to each other and thus the nonadsorbed gas which
had been discharged through the hollow fiber external com-
munication port 13 of the hollow fiber membrane module
17¢ was collected in the gas container. The proportion of
carbon dioxide in the gas collected in the gas container for
nonadsorbed gas was measured by the permeation time
while changing the composition of dope solution and the
flow rate (SCCM) of the mixed gas introduced.
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FIG. 20 is a graph illustrating the proportion of carbon
dioxide in the permeated gas to the permeation time in a case
(first dope solution) in which the ratio (% by mass) of
polypropylene/diluent/zeolite SA in the dope solution is
24.7/32.7/42.6 and a case (second dope solution) in which
the ratio is 29.1/37.8/33.0. Meanwhile, the temperature of
mixed gas, the pressure of the mixed gas introduced, and the
flow rate (SCCM) of the mixed gas introduced are con-
stantly maintained at 30° C.,, 0.3 atm, and 15 SCCM,
respectively, in both cases. It can be seen that the adsorbent
is saturated after 20 minutes in the case of the first dope
solution having a relatively greater amount of adsorbent, and
the adsorbent is saturated in 5 minutes in the case of the
second dope solution having a relatively smaller amount of
adsorbent. It can be seen that the concentration of carbon
dioxide in the nonadsorbed gas increases more and more and
approaches to the concentration of carbon dioxide in the
mixed gas introduced after the adsorbent is saturated.

FIG. 21 is a graph illustrating the proportion of carbon
dioxide in the permeated gas to the permeation time in a case
(first dope solution) in which the ratio (% by mass) of
polypropylene/diluent/zeolite SA in the dope solution is
24.7/32.7/42.6 and a case (second dope solution) in which
the ratio is 29.1/37.8/33.0. Meanwhile, the temperature of
mixed gas, the pressure of the mixed gas introduced, and the
flow rate (SCCM) of the mixed gas introduced are con-
stantly maintained at 30° C., 0.3 atm, and 57 SCCM,
respectively, in both cases. It can be seen that the adsorbent
is saturated after about 5 minutes in the case of the first dope
solution having a relatively greater amount of adsorbent, and
the adsorbent is saturated in about 2 to 3 minutes in the case
of the second dope solution having a relatively smaller
amount of adsorbent when the flow rate of the mixed gas
introduced is increased as above. It can be seen that the
concentration of carbon dioxide in the nonadsorbed gas
increases more and more and approaches to the concentra-
tion of carbon dioxide in the mixed gas introduced in a short
time after the adsorbent is saturated.

FIG. 22 is a graph illustrating the proportion of carbon
dioxide in the permeated gas to the permeation time in a case
in which the flow rate (SCCM) of the mixed gas introduced
is changed while maintaining the temperature of mixed gas,
the pressure of the mixed gas introduced, and the ratio (% by
mass) of polypropylene/diluent/zeolite SA at30° C., 0.3 atm,
and 24.7/32.7/42.6, respectively. From this, it can be seen
that the adsorbent more rapidly reaches the saturation state
as the flow rate is greater in the case of changing the flow
rate (SCCM) of the mixed gas introduced.

As described above, the present invention mainly utilizes
the adsorption principle for separation. Only a specific gas
component is adsorbed as the mixed gas is brought into
uniform contact with the adsorbent dispersed in the porous
hollow fiber membrane.

For the adsorptive permeation hollow fiber membrane
according to the present invention, it is possible to quickly
apply a vacuum or reduced pressure to both sides of the
adsorptive permeation hollow fiber membrane in order to
discharge the gas component adsorbed. FIG. 16 illustrates an
example of simultaneously applying a vacuum to the hollow
fiber internal communication port 11 and hollow fiber exter-
nal communication port 13 of the hollow fiber membrane
module 17¢ for regeneration of the adsorbent. The desorp-
tion of the adsorbed gas simultaneously proceeds in all
regions of the adsorptive permeation hollow fiber membrane
constituting the module, and the desorption proceeds in both
directions of the inner and outer sides of the hollow fiber
membrane in the desorption process, and thus it takes a
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significantly short time to regenerate the saturated adsorbent
and low energy consumption is required.

The present invention relates to an adsorptive permeation
hollow fiber membrane, in more detail, the adsorptive per-
meation hollow fiber membrane can be effectively utilized in
a variety of facility fields to separate carbon dioxide and an
acid gas contained in exhaust gases discharged from power
plants, factories, chemical processes and the like or a general
gas mixture and the like.

REFERENCE SIGNS LIST

1: porous hollow fiber membrane

3: adsorptive permeation hollow fiber membrane
5: adsorbent

7: housing body

9a and 9b: a housing cap

11: hollow fiber internal communication port

13: hollow fiber external communication port
15: potting resin

17, 17a, 17b, and 17¢: hollow fiber membrane module
19: pressure gauge

21: pressure regulator

23: mass flow controller

25: vacuum pump

What is claimed is:

1. A method of manufacturing an adsorptive hollow fiber
membrane, comprising:

a step of mixing a polymer, a diluent, and an adsorbent to

produce an adsorbent-dispersed dope solution;

a step of spinning the adsorbent-dispersed dope solution
to form a hollow fiber member having a generally
annular shape with an exterior surface forming an outer
boundary of the hollow fiber member and with an inner
hollow passageway disposed within the hollow fiber
member; and

a step of cooling the hollow fiber member so as to form,
by thermally induced phase separation (TIPS) method,
the hollow fiber membrane having pores intercon-
nected throughout the hollow fiber membrane, the
pores being in fluid communication with the inner
hollow passageway and having permeability to the
entire mixed gas intended to be separated.

2. The method of manufacturing the adsorptive hollow
fiber membrane according to claim 1, wherein the adsorbent
is contained in the dope solution at a proportion of from 15%
by weight to 60% by weight.

3. A gas adsorptive-desorptive separation system com-
prising:

a first hollow fiber membrane module including a plural-

ity of a first group of adsorptive

hollow fiber membranes inside a housing as an assembly
and the

housing provided with a hollow fiber internal communi-
cation port through which a gas is

injected into the inside of the first group of adsorptive
hollow fiber membranes and a hollow fiber external
communication port through which the gas permeated
through the adsorptive hollow fiber membranes is dis-
charged;

a second hollow fiber membrane module including a
plurality of a second group of adsorptive

hollow fiber membranes inside a housing as an assembly
and the

housing provided with a hollow fiber internal communi-
cation port through which the is
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injected into the inside of the second group of adsorptive
hollow fiber membranes and a hollow fiber external
communication port through which the gas permeated
through the adsorptive hollow fiber membrane is dis-
charged;

wherein each of the adsorptive hollow fiber membranes of
the first and second hollow fiber membrane modules
comprises:

a fiber member of a porous fiber material with pores
interconnected throughout the fiber material, said
fiber member having a generally annular shape with
an exterior surface forming an outer boundary of the
fiber member and with an inner hollow passageway
disposed within the fiber member, with the pores of
the fiber member being in fluid communication with
the inner hollow passageway; and

an adsorbent in a powder or crystalline powder form,
the adsorbent being

capable of selectively adsorbing one or more intended
adsorptive constituents of the gas,
the adsorbent being uniformly dispersed throughout the
pores of the fiber member such
that, as the gas is introduced within the inner hollow
passageway of the fiber member,
non-intended constituents of the gas pass through the
interconnected pores of the
fiber member so as to flow through an external area of the
exterior surface of the fiber
member, while the one or more intended adsorptive
constituents of the gas are
adsorbed by the uniformly dispersed adsorbent in the
pores;
a vacuum pump; and
a gas flow path switching means to connect the hollow
fiber internal communication port of the first hollow
fiber membrane module to a mixed gas supply device
and the hollow fiber external communication port of the
first hollow fiber membrane module to the outside and
thus to connect the hollow fiber internal communica-
tion port and the hollow fiber external communication
port of the second hollow fiber membrane module to
the vacuum pump when an adsorption process proceeds
in the first hollow fiber membrane module so that an
adsorbent regeneration process proceeds in the second
hollow fiber membrane module, and to connect the
hollow fiber internal communication port and the hol-
low fiber external communication port of the first
hollow fiber membrane module to the vacuum pump
and thus to connect the hollow fiber internal commu-
nication port of the second hollow fiber membrane
module to the mixed gas supply device and the hollow
fiber external communication port of the second hollow
fiber membrane module to the outside when an adsor-
bent regeneration process proceeds in the first hollow
fiber membrane module so that an adsorption process
proceeds in the second hollow fiber membrane module.
4. The gas adsorptive-adsorptive separation system
according to claim 3, wherein the adsorbent is one or two or
more fillers selected from zeolites, activated carbon or silica.
5. The gas adsorptive-adsorptive separation system
according to claim 3, wherein the porous fiber material is
one or two or more polymers selected from polypropylene,
polyimides, polyphenylene sulfide, polysulfones, polyvi-
nylidene fluoride (PVDF), celluloses, or polyvinyl chloride
(PVO).
6. A gas adsorptive-desorptive separation system com-
prising:
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a first hollow fiber membrane module including a plural-
ity of a first group of adsorptive hollow fiber mem-
branes inside a housing as an assembly and the housing
provided with a hollow fiber external communication
port through which a gas is injected into the outside of
the first group of adsorptive hollow fiber membranes
and a hollow fiber internal communication port through
which the gas permeated through the adsorptive hollow
fiber membrane is discharged;

a second hollow fiber membrane module including a
plurality of a second group of the adsorptive hollow
fiber membranes inside a housing as an assembly and
the housing provided with a hollow fiber external
communication port through which the gas is injected
into the outside of the second group of adsorptive
hollow fiber membranes and a hollow fiber internal
communication port through which the gas permeated
through the adsorptive hollow fiber membrane is dis-
charged;

wherein each of the adsorptive hollow fiber membranes of
the first and second hollow fiber membrane modules
comprises:

a fiber member of a porous fiber material with pores
interconnected throughout the fiber material, said
fiber member having a generally annular shape with
an exterior surface forming an outer boundary of the
fiber member and with an inner hollow passageway
disposed within the fiber member, with the pores of
the fiber member being in fluid communication with
the inner hollow passageway; and

an adsorbent in a powder or crystalline powder form,
the adsorbent being capable of selectively adsorbing
one or more intended adsorptive constituents of the
gas, the adsorbent being uniformly dispersed
throughout the pores of the fiber member such that,

as the gas is introduced to an external area of the exterior
surface of the fiber member, non-intended constituents
of the gas pass through the interconnected pores of the
fiber member so as to flow through the inner hollow
passageway of the fiber member, while the one or more
intended adsorptive constituents of the gas are adsorbed
by the uniformly dispersed adsorbent in the pores;

a vacuum pump; and

a gas flow path switching means to connect the hollow
fiber external communication port of the first hollow
fiber membrane module to a mixed gas supply device
and the hollow fiber internal communication port of the
first hollow fiber membrane module to the outside and
thus to connect the hollow fiber internal communica-
tion port and the hollow fiber external communication
port of the second hollow fiber membrane module to
the vacuum pump when an adsorption process proceeds
in the first hollow fiber membrane module so that an
adsorbent regeneration process proceeds in the second
hollow fiber membrane module, and to connect the
hollow fiber internal communication port and the hol-
low fiber external communication port of the first
hollow fiber membrane module to the vacuum pump
and thus to connect the hollow fiber external commu-
nication port of the second hollow fiber membrane
module to the mixed gas supply device and the hollow
fiber internal communication port of the second hollow
fiber membrane module to the outside when an adsor-
bent regeneration process proceeds in the first hollow
fiber membrane module so that an adsorption process
proceeds in the second hollow fiber membrane module.
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7. The gas adsorptive-adsorptive separation system
according to claim 6, wherein the adsorbent is one or two or
more fillers selected from zeolites, activated carbon or silica.

8. The gas adsorptive-adsorptive separation system
according to claim 6, wherein the porous fiber material is 5
one or two or more polymers selected from polypropylene,
polyimides, polyphenylene sulfide, polysulfones, polyvi-
nylidene fluoride (PVDF), celluloses, or polyvinyl chloride
(PVO).
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